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BHpTyaJibHOrO ~1QTOH8. 

TflKH\1 o6pa30\1 o6ocHOBI..>tBaercR npocraR \10nenb :,:;neKTpH"qeCKHX 6opHOBCKHX 

LJnAHOB ~ns:I onitCa!IHR npouecca o6paTHOro 3neKTpopO*ilBHHs:I (H r.-p •p 0 n ) 

B YKB38HHOif KlfH€!\18TH'tfeCKOlf o6JISCT(1 If geJiaeTCs:I 38KnJO'LJ2HH8 0 B03MQ)KHOC­

TH nony'tfP/fHR ltH¢0p~8UHH 0 CTpyKType anpOHOB 113 3KcnepH"~9HT8JlbHblX [[8H­

Hf,JX no 3T0\1Y npoueccy. 

Pa6ora BblnonHeHa R J1a6oparopHtt reoperwfecKofi Qm3HKH 0~1fHI. 

Coo6weHee 06beneHeHHoro HHCTHTyTa HnepHbiX eccnenoBaHHii. lly6Ha 1978 

Surovtsev Y.S., Tkebuchava. F.G. 

The Process of Inverse Pion Electroprcx:::l.uction on 
:"Jucleons a.t High Energies and Hadron Form Factors 

ProcessesyN ..... rr±N ,eN....,err±N ,rrN ..... e+e-N ,rr-P •p 0 n 
are considered in the framework of the unifiect dispr..rsive mcx:::l.el at 
high energies and small momentum transfer. A conclusion is drawn 
on the reduction of the dispersive contributions \·vith increasing 

time-like values of virtual photon "mass". Thus simple electric Born 
model for the description of the process of inverse electroprcxiuc­
tion (and "-p ..... p n ) in indicated kinematic region is ~rounded and 
<l. conclttsion on the possibility of receivin~ informEition on harlron 
structure from the experimental dat"l on this process is dra\",rn. 

The investi~ation hns been performed <'_'\t the Lctboratory 
of Theoretical Physic.3, JI'\JR. 

Communi,ation of the Joint Institute for Nuclear Research. Dubna 1978 

© }978 06oeOHH€HHbiif HHCTHTyT HLJepHbiX HCcne.llOB8HHfi fl.y6Ha 

I. IlpJ! HS~emm 9JI6RTJlOM8I'IDITHOI C'fPYRTYJlli '18CTHD; OC06YD 
BSZHOCT:b BMeeT 3HaJme SaBHCBMOCTH HX \POIUJ)aRTOpoB 0'1' BpeMemmo­
.It06HWC saa'leHHI "uaccu" <.A!> :BHp'l'yBJI:bHoro \POToHa. BosuoaaocT:& no­
JIY'IeHHE MO,It6JI:&HO-H838BHCBMOI ~~ 0 \POIUJ)aRTopax Il-MeSOHOB 
H eyRJIOHOB TipJ! BpeMeinmO,It06HWC SHa'tlemmx ~ H3M6HJDJ11HXCS npa.RTH­
'16CRH 0'1' H:yJJ11 (.!1.>-~tn!), CBII8aHS C aHmSOM npon;eccam:.N-e+e:N 
-o6paTHOrO 8JI8RTpo~eHHH DHOHOB(03Il) B o6ecne'tiBBaeTCS TaRH-
MH CBOICTBSMH 03Il B nepBOI B BTOpol pesOHaHCHI:IX 06JiaCTRX,6JiarO­
,Itapa RO'l'OpYM aMTIJIHTY.zta eToro npon;ecca B onpe.ztane~ ,.aeua'!'B'Iec­
RHX ycJIOBHRX onpe,IteJJ11eTCS 60pHOBCIODI npJ!6JIHJleHHeW 2- 5 • 0,ItHaito 
yxasaHHI:Ift BHme MeTO.It BCCJI8,ItOBSHBR C'l'pyRTJPI:I '18C'l'HD; MOKHO 060CHO­
B8T:b JIBm:b npHMepHO ,ItO 3H8'1eHHI~1~14~~'1jO COOTB8TCTByeT TIO~OI 
aHeprHH B c.n;.M • .JV-czcTeMH~~I500 MaB) 5 , TIOCROJI:DRY TipJ! 60Jiee 
BI:ICORHX aHeprHKX BJIHHHHe ~-B d-BO~OBI:IX pe80HaHCOB(l)I3(I520), 
$n(I535), S 31<I650), Sn<I?OO)) .ztenaeT HHTepnpeTaii,IiD) osrr B sHa­
'IBTeJI:Dsol Mepe saBHc.mqel O'l' uo.zteJIB. TaKDt o6pasOM,,It.llSi \POIUJ)aRTo­
poB H:yRJIOHOB OCTaeTCS ,ItOBOJil>HO 60~01 BHT6pBaJI SHa'leHBI ! 2

(.zto 
4~~),Ha ROTOpoM 8TH BSJIB'IBHH He MOry'l' 61:1'1'1> H8DOC~,ItCTB6HHO B8-
uepeHI:I B onHTax co BC'l'pe'IHHMH nyqRBM~~: e+c= .N .N. 

B ,ItaHHOI pa6oTe 6y,Ite'l' DORasaHO Ha OCHOBe CBOICTB npon;eCCOB 
'l'BJI8 \POTO~eHJUl DHOHOB Ha H:yRJIOH8X ( t.N -ICi_N, e.N-eff'i _N, 
~.N-e+e.N) H npon;ecca«-p-.fn, D:PJ! BHcoRHX aueprux 11 uaJII:IX 
nepe.zta'lax :HMnyJI:&ca /t/ H peaJIBc~ecxol uo.zteJIB ,ItJlSi BX HHTepnpe­
Tan;HH, 'ITO 8KCTI8pJ!M8B'l'aJI:&HI:Ie ,ItaHHI:Ie no 03ll B 'l'aKOI RHB8MaTH'I8C­
.!tOI 06JiaCTB paclllllpJ!JIII 61:1 IIHT8pBaJI SHa'leBd /, 

1> 0 , B KO'l'OpoM 
BOSMOEHO ~ezHOe onpe,IteJieBIIe \POIUJ)alt'l'OpoB nHOHa II H:yKJIOBa.ije­
JI8C006pasHOC'l'l> e,ItHHoro paCCMO'l'p8HIIH npon;eCCOB THna \POTO~eHHH 
DHOHOB C 0:6~ BI:IHCHeHJUl SaKOBOMepBOCTel OSll DO,It'lepRHBaJiaCl> B 
pa6oTax/3,4!. Kpoue Toro, B :J[HepecYDJiel aac RJIHeua~ecxol o6-
JiaCTH RpJ!'1'8pJ!eM Ha,ItezHOC'l'B npe,lt.li8I'8.eMol MO.IteJIB MOZ8T CJJYD'l'l> 
on~~cmme .ItaHHWC no npon;eccy n-p-j0

1l , KOTOiid 6Jiaro.ztapa 
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Jt -,esoH....q,oTOHHOA aHSJionm/6/ npoCTO CBJl:SaH c oan/7 I. B pa6oTax 
¥8

•
9 ~e npe~SJIOCh HCn~SOBaTh 03ll npH BHCOKHX SHepraRX H Ma­

JIHX /t/ )J)ISI HSY'{emm aJieKTpoMB.rHHTHo! CTPYKTYPH a.ztpoHoB. 3ToT npo­
~ecc yze xsyqSJicH Taxze axcnepzyeHT~o npz BHCOKHX aHeprKRX 
()J)ISI nHOHOB c HMIIYJIDCOM 4 raB/c/ID • aHSJIHS .namwx YIWSSJI Ha 
.D;OMHHHpymprli BKJia.D; f -MeSOHa B SJieKTpoMarHHTHyD CTIJYKTypy nHOHa 
H nOSBOJIHJI O~eHHTh BeJIH1D!Hy KOHCTaHTH p-r - nepexo,na. 

2. .!Uiqxpepe~aJIDHOe Ce'le,HHe npoJJ;ecca 08ll B O.D;HcxPoTOHHOM npH6-
JIUeHHH SammieM B BH.D;ef4,II/ 

rl}~ . --- ~6'!~·1~~·t·fF~+~~~ee)7;,-.sln!ee ~!j>Tz- (I) 

-lF~!ee~fT3+!1l6W8e ~}, 
r.neJl.x.Qe_ TeJieCHHe yrJIH o6pasOBaHHOro r·-KBaHTa B c.~.M. K.N­
-CiiiCT~ H aJieKTpoHa B C.~.M. e+e--napH,COOTBeTCTBeHHo; k Iii 'f,-
-MO,llyJIH 3- HMDyJIDCOB !PoTOHa H nHOHa B c.~.M. se.N-cxcTeMH; Be-
yroJI Me~ HMDyJIDCaMH KOHe'IHoro HyKJIOHa X 9JieKTpoHa B C.JJ;,M.na­
pH, j>- yroJI M~ ITJIOCKOCTHMH peaJtJJ)tmldJ-(.N H ~emm e+e-­
napH, B <I>oJ»>YJie (I) MH npeHe6perJIH wccBM!ii JienToHoB. EcJIH B npo­
JJ;ecce ~eHHH nap He ~cxpyeTCH saps.n JienToHa,To ce'leHKe y.D;BaH­
BaeTCH. 

OTMeTHM, 'ITO BeJIH'IHHH T 1.. , aHSJIHTJii'IecK!ii npo,noJilleHHHe K npocTPaH­
CTBeHHono.no6HHM SHa'leHHHM ~~ BXO.D;HT B COOTBeTCTBYDmHe <l>c>PMYJIH 
)J)ISI ce'leHd aJieKTpopoz.n;eHKH e.N-etr.N 141. B npe,neJie /t2-0 
CMHCJI HMeJlT JIIiiiiiD BeJIH'IHHH: TpOnHCHBBDIIM npo~ecoH f*.N;e. f/CJV 0 
nonepe'IHHMH HenoJIHpxsoBaRHHMH <I>oToHSMH x ~MCH nPH ~2 =0 
KBa.npaTOM Mo.nyJIH aMIIJiiii"y,J;!l peaJIDHoro <I>oTopoz,neHHR, Iii T

2 
,xapaxTe­

PHSYJIIIM acHMMeTPHJl BKJia.D;OB nonepe'IHHX BKPTYaJIDHHX <I>oTOHOB, JIH­
He!Ho nOJIHPHSOBaHHHX B ITJIOCKOCTH peaJ{JJ)tmr~~srJV Iii nepneH.D;!iiKy­
JIHpHO K He! H HMe~aH no,no6HHA •e OMHCJI B C~ae peaJIDHHX r­
KBaHTOB. T 3onzoHBaeT BKJia.D; HH'l'epJ)epeHJJ;Im npo.n;OJIDHHX x nonepe'IHO 
noJIHPHSOBaHHHX <I>oToHoB,a T4-BKJia.D; npo,noJIDHHX <I>oTOHOB. 

CBJ!sh Be~ T~ c xcnoJtDsyeMHMK HSM!ii HHBaPHaHTHHMH SMIIJIHTY­
.D;SM!ii Jlt,<-tJ, t ,./t,!) 4 • 2/ ( i =I, ••• ,6; ~ H t- 06l:i'IHile MaH,D;eJIDCTaMOB­
CK!iie nepeMeHHHe )J)ISI npo~ecoar-.N-~.N ) , xoTopue KBJIIIIl'l'CH xoaip­
~eH~pasJio•eHHH MaTPH'!IHOro SJieMeHTa npoJJ;ecoa 08ll no mecTK 
HeSaBHCHMHM, HBHO rpa.ItHeHTHO-~rliiaHTHHM KOBaPHaHTHHM CTIJYKTy­
pay,Mo.HO ycTaHOBHTh xs pa6oTyt4 • 

B .D;aJIDHebeM 6y,nyT IICITOJIDSOBaThCH TaDe CITHpaJIDHHe BIIIIJI!iiTy.D;H 
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B ,~ -KaHaJie npoJJ;ec~a r*.N-gr}l',/91 !A~AA • r.ne .a.,. . .a Iii 

~ -CnzpaJIDHOCTH r-·-KBaHTa,Ha'laJIDHOrO H tt!He'IHOrO HyKJIOHOB,llpH­
Be,neM CBJI3h CO~ 'leTHOCTh ~ -KaHaJIDHHX CnHpaJIDHHX aMnJIHTY.D;, 

~--It;,. ,1/'1. 0 ' ~:-Jijz,1ft l ±f-1-h.-ih J. ' (2) 

.;; -!-1/1,,1/r. 0 ' l!t. -!-1/s,J.h 1 +!1;1,-1)1 J. ' 
c aJie~eHTaM!ii CnKHOBOA MaT~ nJIOTHOCTH BHPTYaJIDHoro «PoToHaf7 •9 • 
II • I3/ 0 1 B .H -cHcTeMe: 

J A, .a., I +j '1. t.r+IZ I 1'-,& I 1'_,, .N jt1 - ~ + J't + J'3 + J'IJ. ' 

.N .P1-1 - /Ja+ r + l!~t+f'•- /!a-!' -/.f~t--, 1 ' 

.N .foo .... q ( /!1-, '1. + JJ,-r·) ' 

.N jl.o =-! ( .fa-~-• + !~t_J,._"') 
r.ne dtt _ tG- m! .N 

(3) 

df -"Ji"il ' 
.N =4.(/~-/ 2+/!,-/~)+!C/.fa+/' +IJ~+IJ! +/!3-1' +I!~-I'). 

3. KaK RSBeOTHofi4/,Halii60Jiee SaMeTHHM CBOiCTBOM npoJJ;eCCOB 
!PoTOpoZ.D;eHHH sapaxeHHHX nHOHOB Ha HyKJIOHax B mHpoKOM HHTepBaJie 
aHeprd BHme pesoHaHcHol o6JiacTK (~>5(raB)2 ) R M8JIIiX jtj HBJIH­

eTCH ocTpHA nHK .D;JIH pacceHHHR Bnepe.n B .D;Rqxpepe~aJibHOM ce'leHHH, 
npH'IeM BeJIH'IHHa ce'leHHH yBeJIH'IHBaeTCH npHMepHo B 2 pasa Mex.D;Y 
SHa'leHHHMH t =-m!H t.::r.O. ,llaHHHe ,D;eMOHCTPHpy!J'l' npHMepHOe paBeH­
CTBO Ce'leHd )J)ISI <l>oTO~eHHH noJIODTeJIDHHX H OTPHJJ;aTeJIDHHX nHO­
HOB oT sHa'leBIIJI t=O .no t ~-O,I(raB/c)2 , npz 6oJIDmxx /t/ oTHome­
mre oe'leHd n-/IP'6ucorpo na,u;aeT, x B HHTepBSJie 0,2 < /t/ < 0,8 
(rsB/c)2ooo'!'aJH\fle'l' J;IPHM:epHo 0,35. BCH RapT!iiHS. )J)ISI BeJIH'IHHH 
( 'tJ -nf'>I-U~"1dA/ dt (r,ne ~«ff(t)=0±,0,2) He SaBHCHT OT 
sHepnm. .Il.nii BeJ1liilD1Hil acliiMIIeTpitll 

2: = ( dGJ. I d t - d6,, /cit)/( dtrJ. jdt + cltrH/cl t) ' ( 4) • 

(r,ne d6u/dt .H cUs.L/dt-oe'leBIIJI )J)ISI <l>oTOHOB,JIHHeftHO nOJIHPH30BaH­
HHX B nJIOCKOCTK peaKJJ;KK H nepneH.D;IiiKyJIHpHO K Heft) SKCITePHMeHT 
,naeT peSKOe BOSpaOTaHHe OT HyJIH npat« 0 .D;O IIO'ITH I npH t •-m: 
)J)ISI o6exx pe~ <I>oTo~eHHH sapJmeHHHX n!IOHOB. 

.Il.nii Hamxx ~Mel npe,nOT8.BJI.IIDT ooo6H! HH'l'epec onzcSHHHe BHme 
cBOicTBa ,naHHHX npz /t/ ~ O,I(ThB/c)~, B 'laOTHOCTH, nPH 

It/ ~!m:. 
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Pesxoe HsMeHeHHe ce~eHHH H acHMMeTPHH ~ B o6nacTH 0~ 

~It/ <mi ,o~eBH,ItHO,CBSI3aHO C B~OI\l ~t"-o6MeHa, ROTOpsl XOTJI 

H 06~aeTCJl B HYnL TO~O B HanpaRneHHH paCCeJIHHJI Bnepe~ H3-Sa 

coxpaHeHHH yrnoBoro MOMeHTa, uo JIBAHeTCJI onpe~e~ 6naro~apJI 

6nxsocTH nxoHHoro noJlllCa R qms~ecxol o6nacTH ~ -KaHana IIJlH BHco­

RHX SHeprRRX H BCne~CTBHe 60nbmOI KOHCTaHTI:I CBJISH ~~~ • 0TMe~eH­

Hasi Bl:lllle SHepreTH~eCRasi SaBHCHMOCTl> ce~eHHI cornacyeTCJI C TeM, ~TO 

~anocl> 61:1 B c~ae ll-o6MeHa. 06bacueHHe ae DBRa Bnepe~ B ce­

~eHHH npH t-KaHanl>HOM OnHCaHHH ~OC~aeT~ C npHBne~eHHeM HeKO­

TOporo MeXaHHSMa nHOHHOI ROHCnH~ I5,I6 HnH (BB~ Tpy~OCTel 
CO CBOICTBOM ~TOpHSanHH BaqeTOB B nePBOM ~ae) C nOMO~D ~o-

6aMeHHJI K nHOHHOM;y 06M9HY a6COp6THBHLIX nonpaBO' ~CCMOTP9HHH 
noJlllCOB H paspeSOB B MOCROCTH yrnOBOrO MOM9HTB f . 0~0 B 

CBHSH C Tpy~OCTJIMH B ~cneHHH pe~eBCRHX paspeSOB C~eCTByeT 

T9H~8H~R K M3yq8HHD ~ -KaHBAbHHX CBOICTB aMnXHTy~. Ha 3TOM nyTH 

y~aeTCJI no~Tl> H9ROTOpoe npaK~eCKH MO~enl>Ho-HeSaBHCHMOe 06~­

CHeHHe B!iCOROSHepre~eCRHX CBOICTB l})oTOpoa,IteHHJI npH Man1:1X 'tJ 
Ha OCHOBe pesynl>TaTOB M;ynl>THnOnl>HLIX aHanHSOB ~aHHI:IX B peSOHaHC­

HLIX o6nacTsrx:. 

CooTBeTcTBymtHe coo6paaeHHJI ocH~aK>TCJI Ha HS~eHHH npaBM 

CYMI\l npH ROHe~oll: SHeprHH (llCKo ,II? Will li:B1X C~HLIX aMIIDTY~ 
B t-RaHane,RoTopHe onpe,D;eJUDJT c:ls/dt npx t=otiot. Bo-nePBHX, 

paCCMOTpe~e llCKo Will HSOB9KTOpHLIX H HSOCRanJ!PHLIX ~acTel 9THX 

BMnnHTY~IB/,JJ;aeT MO,JJ;enl>Ho-HeSaBICBMOe no,JJ;TBe~eHHe ,JJ;OMHHaHTHo­

CTH HSOBeRTopuoll: ROMnoHeHTH l))oToHa B l))oTo~eHHH IIJlH /t/~ 
O,I(raB/c)2 ,o6~c~el nPHMepHoe paBeHcTBo ce~eHHI wm 0: l))oTo­

poa,D;eHHJI. llpx B~cneHHH HHTerpanoB B npaBHnax CYI\lM llllmMI:Ie ~ac­

TH aMllnHTY,JJ; napaMeTpHSOBanHCl> B COOTB9TCTBHH·C MYnl>THnOnl>HHM 

auanxsoM ,JJ;aHHLIX l))oTopoa,D;eHHJI B pesoHaHCHHX o6nacTsrx:. Hccne~oBa­

HHe ,,JJ;anee ,llCKo Will (- )-HSOCnHHOBHX ~aCTel 9THX aMIIJIHTY,JJ; ( CM/I6/) 

noRasi:IBaeT,~TO OCHOBHOll: BRn~ npH HQCI:Im9HHH npaBHn CYMI\l ,ll;aDT 6op­
HOBCRH9 ~aCTH 9THX aMnnHTY,JJ;,a B~ peSOHaHCHiiX 06nacTel Manl:l 

npH t=O no CpaBHeHHD C 6opHOBCKHMH U9HBMH. ll~eM OCHOBHOI 

BRna,II; ( ~ 3()%) B nonpaBey K 6opHOBCROMY ~eHY ~aeT HS06apa p 33 
( I236) i BMa,v;H ae OT HS06ap HS BTOpol H TpeTl>eA peSOHaHCHI:IX 06-
nacTell: HM9DT Te~e~ R BSaHMHOMY coxpameHHD npH t= 0 H He 

npeBI:IIllaDT IO% oT 6opuoBcxoll: ~acTH. B ~enoM,c TO~OCTl>D flPHIIlepuo 

20% o6e aMIIJIHTY~ B6nHSH HanpaMeHHJI Bnepe,D; ,ll;aDTCJI CBOHMH 6opHOB­

CKHMH ueuaMH. OTc~a npax~ecRH Mo~enl>Ho-HesaBKcHMHY cnoco6oM 
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C yxaBBHHoit TO~OCTbD 06~CHJmTC.S: BCe CBOICTBa 9KCn9PHI\l9HTanl>HiiX 

,JJ;~ ~ It/~ ftn.! H ~aeTC.S: 060CHOBaHHe xopomo HSB9CTHOro 

~Ta I , liTO nHR Bnepe,D; B ce~eHHH onxcHBaeTC.S: npocToll: YO,JJ;enl>D 

aneRTPI'!ecRHX 6opuoBcltliX ueuoB (oBI) • OTMeTlDI, liTO nm6asr pasyYHasi 

MO,JJ;enl>,O~C~ nHR Bnepe~ B Ce~eHHK, 6y~eT ~aBaTl> H OnHC8HH09 

BHme noBe~eHHe QCHMM8Tpl!H~ HS-sa no~TH MO~enl>HQ-B93aBHCHMOI CBH­

SH Mea,ny CBOICnaMH 9THX BeJDI'mB Ilp1! /t/~ f.tn.: . 
4. Boo6111e oco6eHHOCTH ,JJ;HB8IODtJI npo~eccoB lfx>Topoa,D;eHHJI sapJI­

aeHHHX nHOHOB npR CnpaBe~CTH MO~e~~~aHTHOCTH BeKTOpH!iX 

MeSOHOB B &neKTpoMarHHTHOM TOKe ~BOB" 6 'I9 
pacnpoCTPaHJIDTCJI Ha 

npo~eCC!i C BHJITYanl>HlDf r*-KBaHTOM (/t!'f;O). finOTesy B9KTOpHOll: ,JJ;O­

IIHllaHTHOCTH Y,JJ;06HO lf>oJ*YnHpoBQTb Ba JlSI:IRe Be JDie~ KHH9MaTH1:J:eC­

ltl!li oco6eHHOCTel mapHaHTBIU aMIIJIHTY~ EoJpm B.l~.t,lt!) ( [, =I ' ••• ' 

8 )II5/ KaK npe,ll;llonoaeHHe o6 HX "rJIB,ItKocTH"/20 • 211: 

Btc~.t . .ft1)-FC-A-'>~c~.t.o). <5> 
OTMeTHM,~To KHBeMaT]!(qeCKHM ycnoBHeM peanxsyeMOCTZ npe,JJ;n~oaeHHJI 

(5) uoaeT 6HTl> 

t~+t >> !m" + -!*, (6) 

nocROnl>KY saBHCHMOCTl> OT NBXo}J1f.T B .Bt Taxae ~epes MaH,JJ;eJIMTBMOB­

Cicyl) nepeMeHHYD u. ~FC!~ Boo6111e ~ODHa onpe.tteMTl>CJI ax­

cnepHMeBTanl>Ho. B c.nyqae,xor,JJ;a.Bt JIBJUII)TCJI 8111l~TY~aJOI npo~ecca 
jo.JI-rr}J 1 npR ~ B OKpeCTBOCTH MB.CCil f -K9SOBa MOaHO HCnOnl>SO-

BQTl> BHpaaeBHe' 6/ I 
'I:TIU) ,~-l. m, 

.1.' \"" -JI mJ -11-t. r, ' (?) 

r.tte wm J1 6epeTc.s: ,so/f~e~me,onpe,D;~~~J"l B sxcnepHMeBTax ua 

BCTpe~ ~:; j!J.tc = I,99±CJ,II • 

HcnenbSOBaHHe ~,ll;llOnOEeHHJI (5) B lf:B1X COOTHOmeBHJIX,ROTOpm.l 

y,JJ;OM9TBOpJIIl'l' aMIIJIHTY~ .Bt, HS-Sa COX~eHHJI JOKa H ltOTOp!le B 

9TOM c.nyqae pas6HBaDT~ H' 4 ypaBH9HHJI 
20

•
2

I ,a TaKae ~eT CBJI­

SH .Bt c aMIIJIHTY.JtSMH A~, 12 
nosBOJIJlllT B~Hu 6 aMIIJIHTY,JJ; BHPTY­

anl>Horo 4>oTOpoa,ll;8HHJl ~epes 4 aMIIJIHTY~ ~ (~, t) npo~ecca r.N-rcJ/ 
c peanl>HlDl t -KBaHTOM: (t- ")F(Ir!) 
JltctJ,t,Jt")= :~,_c~.t)F(H), t-i,a,4; J~p,t,ll·>-.lf.~t) t-~-A-" ; <a> 

Jlr(~.t,ll>--.l,.c~,t) ~~~~~~~i , Jl.(b;t,l!)·t~~~;tJM. < 9 > 
'If 
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ilOSTOMY llOHBnH9TCH BOSMoaHOCTL Ha OCHOBSHHH CBOICTB peanbHOrO 

~TO~e~ npe~CKBSHBaTL OC06eHHOCTH nponecCOB C BHpTYanbHHM 
~TOHOr.r' rg • 3aiiHilleM CBHSL C:rmpaJILlmX ., -RaHanbHWC 8MIIJIH'cy'~ ( 2) 

C aMIIJIH'cy~aMH .fli B B9.ztYI!l9M ll0p8.ltlt~: 

.h---v/A!-1'£! (~-.fl.), ~z---~(~+ t-~~+A'.Il,), 
1!-=f-f..-i Jl .r.+=-:J-- .fl 

.13 ~ m J ' J'l:l. u m. 1 ' (IO) 

J3+ -{-f! J.,lt ' ~~---~(-:,.ll~+1)tJl,. +!•tJls). 
ilPH no~eHHH STHX ~PMY~ yqTeHO,~TO,RSR C~e~eT '3 CBHSH aMIIJIH­

TY~ ~co CnHpanbHHMH t-RaHanb~ aMIIJIHTY~~I5 H CTa.B,ItaPTHO! 

npone~ci(tf.:rusrunm noc~e,ItHHX 1~) , nPH'{)-oo H MaJIIllC /t/ HMee~o~: 
Jlt,.,...,O:, ,(i+5); JL1 rv-:, • 

iiiOPMYJJH (8)-(IO) cpasy llpHBO,nJIT R SaRJIKJ~eHHJl 0 r~a,IJ;ItOCTH no 

/tc sa RCRJIJJ<remmM.F(.A-1)) no_!lepe~ CnHpMLHUX aMIIJDI'!'Y~ ~~ JIJ.:t:., 
npo~MLHHe ze aMIIJIHTY,IJ;H J1 R J,. HMell'l' !PaKTop f/1J1 . Hs nepBo­
ro waxTa H BHpazeHR! (3) HeMe~eHHO c~e~ HSBeCTHHe npe~cxasa­
HIDI ,IVIH pasJIR1IlWX nonepe~HUX ~acTe! ce~eHIDI nponecca BRpTYanbHo­

ro ~TOpo~eHIDI Ha OCHOBe Ce~e~ nponeccarJV_..JV C COOTBeTCT­
BYDJie! llO.IIIIpHSanRe! Q -R.BaHTa/I9 • CpaBHeHHe C SRCllePHMeHTo./I9/ 

npe~cxas~,uanpm.rep,,IVIH nponeccaBrp-,tn ~aeT nopasHTe~uoe 
no~TBe~eHHe ~aeMoro pesxoro TIRRa B HanpaB~eHHH pacceHHHH 

Bnepe~ ~M Be.7IlmiHH Cp_n-Pr-r)dsjdt(ICf'-Jln ). o~axo B 
c~ae nepneH,ItR~MpHO! llOMpHSan;HH .£t-MeSOHa, T.e. ,IVIH Be.7IlmiHH 

(fn+fr-I)cltSjdt , TIPH Y~MeHHH oTt=O o6uapy:m.saeTCH JIBHoe 
xo~ecTBeHHoe pacx~eHHe c npe~cxasaHHeM ua ocuoBe BeRTopuo! 

~OMHHBHTHOCTH,BepoHTHee Bcero CBHSaHHOe C B~eM a6cOp6nKR. 

Mo~e~HO-H93aBRC:HMLie C006pazeHIDI nPH ft1=0, OCHOBBHHHe Ha pac­
CMOTpeHHH ITCK3, no,npa.syueaa11T B c~ae npe~o~oxeHIDI ~5) BOSMoz­

HOCTL OnHCBHHH ua ocuoBe 3EM nPH 6o~mHX ~ H MaJIIllC {t/ RaR none­

pe~ma ~acTeil ce~eHHii nponeccoB f'.H=d (/t,'.;.O), Ta.K H npo,nonuott 
~acTH H npo~o~Ho-nonepe~uol HHTe~peHnKR,nocRo~ ~PMYJJH (9) 

llPHBO,nllT R CBH3H Me~ npo~o~~ C~HHMH aMIIJIH'cy~aMH .h.- , 
J,- H nonepe'DiHMH aMIIJIHTY~aMJ.i 20 • 21 • OTMeTHM, ~To npe~o~ozeHHe 
( 5) onpaB,IJ;HBaeTCH B 3Htf llPH 6o~IIIHX "0\ 12I/. B ~ae nponecca 

rrp-yon 3EM y~OM9TBOPHT~HO 06'biiCHHeT BCe cymeCTBYDitHe ~aH­
HHe no CnHHOBO! MaTPHne MOTHOCTH jl-Mesoua llPH /t/ ~ 0,I(raB/c)2 

B nmpoROM :mepre~eCKOM HHTepBMe (2 rsB/c<~r.<I7,2 raB/c/22~ 

8 

.l[.Jvl upBMeHliiiOCTH OIDICaHHOI BH1119 TJlaR'l'OBRH nponeccOB BHp­

'l'YaJILHOro ~'l'Opox,D;9HIDI IDIOHOB IIpH Bim059HHJil fMOBHH ( 6) ~­
,Il;HB8.9'1'CH 'l'aKZe Orp8HlA9HHe 

/t""" / ~ m; , c n > 
nocxOJILK,J o6JJacn nepe,na~ /t/ , r~e aTH nponeccu o6MCWID'rCH 6opuoB­

CKHII M9XaHHSIIOM (liS 'l'aROro paCCMO'l'peHIDI) ,Orp8HJA9H8 npiD19p!IO£nr,:. 

ITPH 6&niiiiiX /t/ , HO eJQe ~o saa~eHd,Kor,Jta Ha~Hae'l' Hrpa'l'L pon 
JISOCK8JIJIPH8SI KOMIIOHeHTa qio'l'oua ( /t/ ~ O,I(raB/c)2) ,IIpH ollJicaHHH 

nponeccoB cymecTBeHHo BBe~eHHe ~6co~~· 3To npo~euoHCTPHpoBBHo 
B CJJY'Iae ~'l'o~eHJiUI B pa6oTar' 23 • • 

B pa6oTe' 241,paccMaTpuBaD~Qel uo~e~,ocuoBauuyD ua ,JtHcnepcH­

oHHHX COOTHOmeHHHX ~ BMII~TY~ ~'l'Opox,D;eHHH,yqeT a6cOp6nRH noc­

pe~C'l'BOM llOM9,JtOBa'l'enHOro BBe~eHHH B ,JtHCnepcHOHHH! HHTe~ B~­

,JtOB 6aPHOHHHX peSOHaHCOB llORaSM, ~TO 'l'Or,Jta R8R llPH /t/~ m: BMa­
,IJ;H H306ap JD191l'l' TeH.Ite~ K BSB.BMHOyY COltpaiii9HHil ( STO llpHBO,JtHT R 

3Rf IIpH/t/~f.m:r>,To TIPH/t/1?;ftn! HX BMB,ItH CMa,IJ;HBai)TCH,HHTe~­
pupyDT C 6opHOBCKHIIH ~~eHBMH H o6yc~OMHBall'l' SHa~'l'e~LHOe COKpa­

IQ9HH9 BospacTBD~Qel 6opuoBcxo! ~acTH ce~eHHH. ITPH aTOM r~aBHYl1 
ponb B 'l'aROM CORpaiQ9HHH Hrpa9T pe30HaHCJ?33(I236) (KaR H B y~­
meHHOM RO~ecTBeHHOM OnHCSHHH npH /t/ ~ l rn: ) . AHMOI'H'Imle ~5-
TH B c~ae s.neRTpo,POZ.IJ;eHIDI JIPO.JteMOHJ'l'~aHH B pa6oTax/9,25/, 
a~ nponecca f/C-p-pon, -B pa6oTax 

9
•
2 

• 
, EC'1'9CTB9HHO CTaBHTL BOnpoC 06 HCllOAL30BaHHH nponecCOB THna 

~'l'O~eHHH nHOHOB Ha ~OHax B paCCMOTpeHHOA RHHeMa~eCRO! 

06~aCTH - B~ ~OMHHaH'l'HOCTH 6opHOBCROro M9XaHHSMa B HX HHTepnpe­

Ta.IJ;BH - ~ HsyqeHHH a~eKTpoMarHHTHOI CTPYRTYPH 8,Iij)OHOB. Taxaa: 
nporpaMMa ycneJDHo peaDsoBaua TIPH onpe,Jte~eHHH ~~Topa nHOHa 

F.<kl) B c~ae a~eR'l'popox,D;eHIDI (eM. ,H~~· 6 
) .C ~8.111.11 npaK­

~ecKoro OCYIQ9C~eHHH npe~ozeHHH pa6oTuf6 llO HCllO~SOBaHHD 03IT 

llPH BHCOKHX 8Heprux ,IVIH HCC~e~OBBHHH ~JUPaxTOpoB I"[< If!-) Hl;(! l ) 

IIpH !'>0 Tpe6yeTCH peaDCT~9Cltaa: MO~e~ ,IVIH HHTepnpeTan;HH STOrO 

nponecca. 
5. ilPH XOHCTIJYHPOBBHHH MO~e~ 6y~eM OIDipaTLCH Ha OllRCBHHHe 

BHme CBO!CTBa nponecCOB THna ~'l'Opox,D;9HHH llPH 60nbmHX ~ H MaJlHX 

/t/ . B xa~ecTBe nepBoro,Ha,nem~o onpe~e~eHHoro BaPHBHTa MO~e~ 
e,JtHHOi TpaRTOBRH nponecCOB THna ~TO~eHHH 6y~eM npe~o~aTL, 
~TO OHH OnHCHB8.1lTCH peanbmtMH ~aC'l'JtMH HSOBeRTOp!IHX BMII~TY~ Jtrt ~ , t ,/tl ) , ~ KOTOpbiX llOCTY~pyeM ,JtHCnepcHOHHHe COO~ome-, 
HHH llPH ~XCBpoBaHHOK t6es ~'l'BHH! llPH KOHe~o! SH9prHB/4,I2 • 

9 



IJ C->r t u, n H R ( i. e i ) + 
""t \~, ,ff, ;=.n,s + es + t, m1-~ - m*-u 

+! Jdf>'~ 'JmJl~ct.t.e) ( ~~~~- ~~~u). 

r.ne 

(m+m.«) -- i 
€3,5.6 - , 

a.i(ttr, t,lt,2)=~t (fA>,t) -.ft'·.h('~») , L=1,3,1:~.,6 ; 

a rw:t !'-)= ~2.5(w;t)-1t:P:~sC"> 
2,5\. • ' t _ m 2 _ ! 2 

v ;v v If 

G.M =~ +!mJ; , 'W'=VS'. 

(.I2) 

(13) 

(14) 

(16) 

HBHH! BH.D; RO~eHTOB ~t•.Pt OITpe.n;e~eH B pa6oTe/4/. 0TMeTKM, 
'ITO IIpe.D;IIO~OllteHHe .D;Jlfi :lm.Jlr BH.D;a (15) IT03BOJIHeT Y.D;OMeTBOpHTe~:o­
HO OITHCaT:O SKCIIepHMeHT~Iille .D;aHIDle IIO nOI:{eCCa.M THIIa <lJoTOpollt.ll;e­
HRH ITHOHOB B rrepBOH pe30HaHCHOH o6~aCTH 14/. ~PMY~poBaHH8R 
MO.D;e~ ~eTCH paciTpoCTpaHeHHeM Ha rrpoH3BO~HHe ~~ (B TOM±"l:HC~e 
:~rlt2>0 ) O"l:eH:O 6~3RHX MO.D;e~eil: WI.ii OITHCaHHH <lJoTOpOllt.ll;e~ il -Me-
30HOB/23 125/, a~eRTpopollt.ll;eHRH/25/ :a rrponecca q-p0n- 191. 0TMeTHM 

pH.D; 6~arorrpHHTHHX 06CTOHT€~:0CTB (.n;;m HCC~e.D;OBaHHH CTPYKT~~ -qac­
THU) B HHTepiiP.eTanHH rrpouecca O::m ITpH 60~IllHX ~ H MaJIHX Jt/. 

B pa6oTl9/ rrpo.n;eMOHCTpHpoBaH BHBO.D; 3EM ITpH ~oo Ha OCHOBe 

10 

I 
1 

'1 () 

.n;.c.ITpH WRRCHpoBaHHOM t . Coo6paxeHRH BRpaTue a~"l:aiDTCH B 
c~e.nynmeM. B paccMaTp.KBaeMoil: KKHeMaTH"l:ecRoH o6~aCTH HaH6o~ee 

Jl C-i .n H JlH BaJ!tHH aMIIJIHTY.Itl>l 1 , ..,..2 H 5 ; ITpH"l:eM ITp:a 6o~nmx ~ Rpocmmr-
He"l:eTHHe aMIT~TY.Itl>l Jl :"' H ./t;'BelJYT ce6H ITpH6JIIDleHHO RaR tJ -t 
(STO BH.D;HO H3 (I2),T,R. KKHeMaTH"l:€CRHe ~TOpU COOTBeTCTB~ 
o6pa30M CM8,l(HBaiOTCH), a .D;HCITepCHOHIDle ITOITpaBRH B STHX ~Ty­
.n;ax He rrpeBOCXO.D;RT B OCHOBHOM 15% K IIpHBO.ll;RT R ~RTY a6cop6J:lnH 
B TOM CMUCJie, 'ITO OHH .D;eJiaiOT t -SaBHCHMOCT:O 6o~ee RpyTOH. B a.M­
II~TY.D;e Jl~ ROTOpaH ITpH~oo Be.D;eT ce6H RaR ROHCTaHTa,.D;HCITep­
CHOHHH! BMa.D; ITpeHe6peEEM, T.R. H3-3a "l:eTHOCTH OTHOCKTe~HO RpoC-

-2 CHHr-rrpeo6paaOBaHHH OH Be.D;eT Ce6H RaR ~ , ilp:a BR"l:HCJieHHK RpOC-
CHHr-He"l:eTHOH ~TY.D;R Jl~H60pHOBCRaH "l:aCT:O,ROTOpaR o6yc~OBJieHa 

Jl C-i 
B ~ B3aHMO.D;eHCTBH€M <lJoTOHa C paCITpe.n;eJieHKeM MarHKTHOrO MOMeHTa 
fiYMOHa, ITO"l:TH CORp~aeTCH C .D;HCITepCHOHHRM HHTerpaJIOM,.D;eJiaH ~~ 
Taro lite ITOPH.IJ;Ra B€.7IK'mHR 1 'ITO H KpoCCHHr-"l:eTHHe aMII~TY.Itl>l Jl~ 
H Jl~ ,BelJYll!Ple ce6H RaR ~-! H COCTailJI.liiWIHe JIHIII:O H€MHOrO IlpOU€H-

" Jl C-> TOB OT rJiaBHHX aMIIJIHTy.D;. YR83aHHOe COKp~eHHe B !t IIpH 6o~nmx 
~ MOltHO o6'bJICHHTb pe~sa.rmeil: cBepxcxo.D;fillleroCH IIPaBHJia CYMM 

00 

g~v(~t") -f J cl~' :Hn JZtc~~t,~t,,.o, en) 
(m+m~r>t /9/ 2 u ! 

KoTopoe, KaR ITpoBepmroc:& B I ITPH -m ~ R-~m.P Haclill1aeTCH c 
ToqHocT:&ID 5+20% yxe BKJia.n;oM Hao6apR1?33fr236). MarHKTHan "<~acT:& 
6opHOBCKOPO rrpH6JIIDKeHRfl BXO.D;HT Ta.Rllte B .fl;-i,BIU!a.D; ROTOpoil: MaJI. 
~cnepcHoHHHe HHTerpaJIU BJIRHIDT 6o~ee aaMeTHO Ha HeBe.nymae aMII~-

JlH f1C-i 
TY.D;U J H~S • (OTMeTHM, qTo .D;HCIIepCROHHRe HHTerpaJIU,ROTOpRe 
CXO.ll;HTCH .D;OBO~HO 6~CTpo ITpH arrnpoKCHMauKH (I5),o6pe3aDTCH ITpH 
~ =3(raB) 2). TaRHM o6paaOM, B Be;nymeM IIOpH.D;Re ITO ~ IIO~aeTCH 

3EM,.D;OIIOJIHeHHaH He3Ha"l:HTe~:&IillMH a6cop6UKO~ IIOrrpaBKaMH. 
B 3EM .D;JIH BHpTY~Horo WoTO~eHHH/S, 9 IIpo.D;O~HaH "l:aCT:O 

ceqeHHH (,.., T I) ITponopUKoH~Ha I F.r/ w; rroiTepe"l:HaR -qacT:o, CM3aHHaR 
c rrepiTeH.D;HeyJIHpHoii rroJIHp:aaa.rme:a 0'!.RBaHTa, (TrT2) ,- /F;,V/2

; a 

acHMMeTpHH ( ...... T2/T1 ) -qyBCTBHTe~Ha K oTHomeHHID Fl/F~ . To ecn, 
paaHRe "l:aCTH Ce"l:eHHR BeC:&Ma -qyBCTBRTe~HR K paaJIH"l:HRM HHTepeCYID­
mllM HaC Be~aM ITO OT.D;e~HOC~. 

3RciTepHMeHT~Ho H3BeCTHcl 191,"l:TO 8EM IToc~e~oBaTe~Ho YJIY"l:­
maeT oiTHcaHHe ITpH ITepexo.ne OT npouecca s~eRTpopal.D;eHKH K WoTo­
pOllt.ll;eHHID H .n;aJiee K rrpoueccym:p~J0°n. OKa3uBaeTCH,aTo-o6mee cBon­
CTBo ITpoU€CCOB THIIa <lJoTOpal.D;eHKH IIHOHOB Ha HYRJIOH8X, H OHO HBHO 

II 



JleMOHCTp!lpyeTCJl JtCCJie.JIY8KOit ,llHCIIepcltOHHOit KO,JI;eJJJ,Il. PacCKOTJDDI 
xo~eHTH a,t('ld, t ,Jc,t. )(!6); B HJtX BeJIKIDIHH ~,<w , t ) • 
.Pt<'llf) o,llHoro sHBlt8 .J{M RSUOro JIH,llexca t, T.e. o'leBJI,JI;Jia o~ 
TeH,lle~ yBeJJJt'leHll.ll JlHCIIepcBOHBHX BltJ18,1tOB B KU,ltOI 8IGIJD['f1,JI;8 .flt 
C poCTOM IIpoCTpaliCTB6HHOIIO,ll06ma: {If!/ B,Hao6opoT,JtX yueHl>llleHJte 
IIp!1 IIepeXO,lle K BpeKeHJtiiO,llo6HHK ! 1• ~ OQ6HOK 9'1'0ro ~K'l'a 
MO&HO IIp!16Jllt!ZeHHO IIOJIB.ra'l'I>, 'ITO -:, 1 B IIO,llHH'1'6rpa.IIl>HOK BupaaeHJtJt 
'1'l!IIH'UIO IIOpiWC8. ( m +21JJw) 2 ( IIPJIK6PHO uacca P 33 ( !236)) • Kpoue 
TOro,c~e.nyeT JtC~'l'b BOSKOKHOC'l'b ~OKBHX ~K'l'OB Jt cnyqaltBHX 
COR~eHJtlt B Ha6~aeMHX Be~ax. ~ BTOro HaB6o~ee Y.ll06HO 
paCCMaTpliBaTb Te ROM6l!HSitHH .flt,, B K8KHX 9TH 8111IJIH'l'Y'JlH BXO,Il;ll'l' 
B ce'teHJte 11epes CIJ:JtpaJll>Hiie 8111IJIH'l'Y.llH /l ((floJIIIY.IIH (!0)) .PasyYHo 
Ta.Rae paCCMaTp!IBa'l'b Be~ IIOps,li;OK IIO ~ • Tor.na IIOJJY"laey ,llJIIi 

r~aBma: BMIIJll'I'l'Y.ll ;;: , /1.1.'* c~eJlYDII!Ie pesy~bTaTH. B 8111IJIHTY.lle 
.;:,..,Jl,~ o6pall{eHJte a1 ~~ t,41

) B HYn IIPrl= 0 IIpoliCXOJlHT IIPJI­
uepHo IIp!1 ~2 .w0,54 (raB)2 (T.e. dDSKO R MaCCe ~ --MesoHa), C 
yBeJll'I'teHHeM /t/ aTo sHa'teHHe Hecxonxo yueHbmaeTCJl1ll IIPll t = 
-0,I(raB/c)2 OHO ~ 0,25. Ilpll: 6bniiiHXA

1
IIpoliCXOJlHT OIISITb BOS­

paCTaHHe BRM,lla .n;HcnepcHoHHoro l!HTe~. B 8MIIJll'I'f1Jl6 J; o6pa­
~eHHe B Hyn .n;HCIIepCJtOHHOro BKn8,lla TaKKe IIpoBCXO,llHT npHMepHO 
nPH-klbo,54(raB)2 , Jt aToT pesynTaT c~6o saBJtcHT oT t . B au­
IIJll'I'l'Y.lle ~~- BRMJl ,llHCIIepcBOHHOro l!HTer~ IIpaRTH'teCRll He SaBli­
CH'l' OT t H .k I, O,llHaRO OH ~ IIO CpaBHeHllll C 6opHOBCKOit 'taC'l'bll. 

B aMIIJll'I'fY.llBX j~,- ll J; , .llaDIIHX BRMJl B CJie.nyiJIIeM nops,ItRe 
IIO ~ , TaKKe Ha6mQnaeTCK TeH,lle~ R yYeHl>llleHHil ,llHCIIepCliOHHHX 
IIOIIpaBOR,B OCHOBHOM o6yCJIOB.l:e'~ 'tltCJll'ITeJieK f(~~m.l)+t-m.!-A.t 
B ,llHCIIepCHOHHOM MHOZH'l'eJie (!2) 9 • 

TaKKM o<Spasou,IIo~aeTca o6ocHOBaHJte 3EM JlJIIi o6paTHoro 
aJieRTpopo.,u;eHJtK IIpll: if, B oxpeCTHOCTH MaCCll f -MeSOHa Rait pesyn­
TaT HKSROSHepreTH'teCROrO uac~eHHK ,llHCIIepcJtOHBHX JtHTerpaJIOB. 
3TOT BIJBO.ll CIIpaBe,llJlHB IIO Itpaiblelt Mepe JlO SHa'teHJtlt /tl F:J 0,08 
(raB/c)2 • IlOSTOKy KOZe'l' 6H'l'b SHa'tltTeJJJ,HO OC~6~eHO OrpaHH'teHJte 

(II) • XoTa IIPll oueHRBX paccuaTpliBaJICJl npe.neJI ~-- , o,llHaxo no­
JIY'teHHiie pesyJIDTaTH npoC~CJl K ,llOBOJlbHO Hlt3RliK SHeprHKM.Tait, 
IIp!1 U' = 3 rsB, t r=-fTI,: H ..&~-0,3; 0; 0,3 (raB)2 ,llHCIIepCHOH­
H!il BRM,ll B nonepe'tHYJl 'taCTb Ce'teHHK COCT~eT,COOTBeTCTBeHHo, 

40,30,!5%. 
Ha BOSMO&Hl:iil ny'l'b YCOBJP:eHCTBOBaHHK OIIJtCaHHOI MO,lleJll'I yxa-

3llBallT pesynTaTH pa6o~24 , IIORasaBmJte, "'TO IIOCJie,D;OBaTeJibHiil 
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y'lteT B ,llHCIIepCHOHHOM BHTerpaJie H306ap H3 BTOpoH H TpeTheH pe-
30HaHCHHX 06~aCTelt npHBO,llHT It HSMeHeHJtKM B uyEHyD CTOpoHy B OT­
KJIOHeHHKX pesynTaTOB pac'teTOB OT SKCIIepmMeHTaJlhHHX JlaHHHX ,llJIIi 

(floTopo..neHHK. O,llHaxo y'lteT B cnexTpanHolt ~ lidV-pesoHaacoB, 
ROTOpHe IIp!l ~~~0 napaueTpH3YDTCJl B COOTBeTCTBHH C liS06apHolt MO­
,D;eJlhll,IlpltBO,D;HT K 60JIDWOMY ROJll'I'teCTBY Heonpe,n;eJieHHOCTeH,CBK3aH­
HHX C HeHSBeCTHOit 4l~ SaBHCHMOCThll nepeXO,D;HiiX ~Op~TOpoB R 
HS06apaM,'tTO Hey,D;OBJieTBOpJtTeJIDHO C TO'tRll speHHK IIOCTpoeHHK Ha­
,D;eXHOit MO,D;eJll'I. ~ npeO,D;OJieHHK STOlt Tpy,D;HOCTH MOXHO BOCIIOJlhSO­
BaThCK TeM 06CTOKTeJlhCTBOM, "'TO paCCMaTpJtBaeMaH RHHeMaTH'teCRaH 
o6JiaCTh npxro,llHa JlJIIi peaJIHsauHH npe.n;n~ozeHHI BeRTOpHolt ,n;oMRHaHT­
HocTH, H HCIIOJlbSOBaTh il>o~JIH (8,9). O,n;HaitO BeKTOpHaH ,D;OMRHaHT­
HOCTb He HBAHeTCK TO"'HO onpe,n;eJieHHOA rHIIOTeso!,6oJiee TOrO,OHa 
B IlpltHUHil9 He MOXeT 6!iTh TO'tHO! (XOTK YCTaHOBJieHO COOTBeTCTBHe 
OCHOBHIJX ee npe,D;CRa38HHI C SKCIIepHMeHTOM). IloaTOMY He 6y,n;eM saT­
parHBaTh STHM npe,D;IIOJIOXeHHeM OCHOBHJID,XOpomo YCTaHOBJieHHYD 'taCTh 
MO,D;eJIH (6opHOBCRHe 't~eHii IIJIDC ,ll;HCIIepCHOHHaK ,D;06aBRa OT MarHHTHO­
ro B036yx.n;eHHK P 33( !236)), a IIpmMeHHM ero R IlOilpaBO'lHOM 'taCTH, 
~ea oT ,llllcnepcHoHHoro HHTerpaJia,HacumeHHoro a~eRTpll'teCRHM 
H Ilpo,D;OJlhHI:iM B036yx,D;eHHeMJl 33(!236),0CTaJlhHiiMR pesOHaHCaMR H 
BliCOR03HepreTH'teCKHM BKJia,llOM. HTaR,,D;HCIIepCHOHHHit HHTerpaJI B (12) 
paso6beTc.f.! Ha ,llBe 'tacTH: 

jcl-:,{:JmJl~(M.H,J')+ ~./L~(.s',t,/1'~~-c)'~-6 -f>,B_iu), (I8) 

r.n;e :1m.Jl~CM~)6epeTca cor~cuo (!5), a:Jm.Jtnonp. Bll'tHCMeTc.f.! 
IIO il>opMyJiaM (8) H (9) ,B ROTOpHX MHHMaH 'taCTh BMIIJll'ITy,D; il>oTOpolK,lle­
HJIK ~ Jf,f-)~~ t) IIapaMeTpHsyeTCK (Sa HCRJI!lqeHHeM MarHHTHOrO B03-

6~e~j$33(!236)) B COOTBeTCTBHH C IIO,D;XO,llOM,HanpHMep,pa6o-
TH 27 , OIIHCI:i~eH ,D;aHHHe IIO il>oTOpoX,lleHHD B pesOHaHCHI:iX 06JiaC­
TKX H. Ilplt BliCORHX SHeprHKX. 0TMeTHM, "'TO il>oPMYJIH (8, 9) ,IIpmMeHeH­
Hiie B BhlpaxeHHH ( !8) , .n;a~>T HexoToplrll cnoco6 aHaJIHTH'tecxoro npo-

.n;oJIEeHHK CIIeRTpaJIDHO! ~ B H~SH'teCitYD 06JiaCTh ,D;HCIIepcHOH­
HOrO HHTerpa.lla (m+m_)2<,~1 <,(m,+VJJ') 2 • 

A6cop6THBHaH 'taCTh aMIIJll'ITy,llH Ilplt 60JlhWHX ~ , BKJla,D; KOTOpolt 
MOXeT 6HTh TOrO Xe IIOps,li;Ra BeJIH'tHHH,"'TO H ,D;OIIOJIHHTeJlhHaK ,ll;HC­
nepCHOHHaH ,n;o6aBRa,6epeTCJl corJiaCHO ~PMYJiaM (8) H (9). 

~p.t}laKTop F ( /tZ) .n;oaeH, Boo6me roBopa, onpe,n;eMThCK axcne­
pmMeHTanHo;o.n;HaitO IlpH .ll>(J B OKpeCTHOCTH MaCCI:i .r-MeSOHa pasyu-

13 



,ol 

130' 
i 

20 

10 

--..... ,, 
' d., ',·w 

' / ' / ' / ' / ' / ' / ' / '< 
' ' ',, 

0 °·2 v:r ( rJEVcl ~ 

20 

t~ .., 
.! I \ o ' o, 

0 

o! v \ 'f.2 v:r (r,fYcl Q 

-~ 

\ 
I 
\ 
\ 
\ 

\ I 
',, ) ------L ___ _ 

PRe. I. BXJia,nu B ,nH~peHIOJBJil>HOe Ce'iemie 03TI liJ8I v ::3 raB 1'! 

.fti=0,3(f8B/c)2 OOC'fomml 0 pa3Jli!"'JJHHI! llOJUipJISruntlDOI 
Bl!JlTYBJil>HOrO qJo'fOHa, pacC'IH'l'aHHHe no ,II;HCnepcHOHHO"A Mo­
,JteJIJI! H B 60p!lOBCKOM npH6JIJmemiJI ( nymtT:a:pHI:le KpJIBHe) : 

~/dnr=<I/2Hkiq.>T1 :a: clelftlil'=<~I2Hki~>T4 -
ce11emiJI nponecca ry-rn B CJJY11ae nonepe11Horo He­
noJUipJ~soBaHHoro H npo,JtO~HOro qJo'fOHa,COOTB8'fCTBeHHo; 
A=-0/2){k./~)T2- aCHl018Tpl'!a B ce'iemiH o6pasoBamiJI 
nonepe'IHOro BHP'!'YBJil>HOro qJQTOHa, 06fCJIOBJieHHaa: ero 
JDIHeiHol noJUipJ~sa.D;Irlel; I =-({/J'/2)(k/~)T3 - 11acn ce­
'lemiJI, CBilsaHHaa: c JrH'l'e:pllepeHIOJel npo,Jto~HHX :a: none­
pe'IHHX r·- KBaHTOB, 
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llponecc •1-J> fl. npH Jia6opaTOPHOM HMJIY~ce n:a:oHa 
15 faB/c, 3JieMeH'fH Cn:a:HOBOI MBTPHUH nJIOTHOCTH j>0 

uesoHa,pacc'IHTaHHI:le no ,JtHcnepc:a:oHHol MO,JteJIJI! :a: no Mo­
,JteJIJI! SJieKTp!l1leCKHX 6opHOBCKHX qJieHOB (nyHKT:a:pHI:le 
KpaBHe), oKCnep:a:MeHTBJil>HI:le ,llaHHHe BSHTH H3 pa6o~~~ 
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HO BSSIT:b )I,JJH. Hero BHpaJteHHe l{r(Jl') 
F( A") _.,.m''---¥r--,-........-

'" m*- -Lm I! ' (19) 
r;uej (~h-HeKOTOpall ITJia.BHaJi ~ OT /t,l ~~~3Rrul R e;umm:r:(e. 

0TMeTHM,~TO B OITHCBHHOH CXeMe C COOTBeTCTBYDmHMH HSMeHeHRHMH 
MOXHO yqeCT:b H HSOCKanHpgyD ~aCT:b aMnJIHTY;ri.H. 

ilpHBe;rr.eM pesyJI:&TaTH H8ROTOpHX pac~eTOB,npoBe;rr.eHHHX Ha OCHOBe 
r~HoA,xopowo onpe;ueJieHHoA ~acTH uo;ueJIH(6opHOBCRHe ~eHH nJIDC 
;ri.HcnepcHOHHM ITOITpa.BKa OT MartmTHOro BOS6~eHHSI HS06apHP33(I236), 

Ha pxc.I npe;ucTaBJieHH pesyJI:&TaTH pac~eTa pasHHX ~acTeH ce~e­
HHR oarr (I) npxt6'=3 raB :a: -A1=0,3(reB)2 • .li.nH cpa.BHeHIDI I!pHBe;rr.eHH 
l'IX 6opHOBCRHe 'l:aCTH .BeJIHtmHI:l ~~TOpoB F; <-It!) H FII C-!1 ) BSSITH 
H3 ;ri.HCTiepCHOHHHX pac~eTOB pa60T~~B!. ' 

Ha pxc.2 npxBO;ri.HTCSI cpa.BHeHHe pesyJI:&TaTOB pac~eTOB Blt-c:a:c-
o 

TeMe S~eMeHTOB CnHHOBOH MaT~ ITJIOTHOCTH y-M830Ha B npouecce 
~p~yn c axcne~e~TaJI:&HHMH :UaHHHMH npH Jia6opaTopHoM RMDYJI:&ce 
nHOHa I5 reB/c/291. ,li.nsi cpa.BHeHHSI c COOTB8TCTB~ pac~eTaMR 
no 8~22/BH~cJieHHSI npoBo;ri.HJIKC:& B npe;unoJioaeHHH YHHBepcaJI:&HOCTH 

.P-MeSOHHOrO B3aHMO;ri.eitCTBM }pww-Jp.N.N • M!J1 BH;rr.HM, ~TO.foo H.fH MO;ri.eJI:b 
OnHCHBaeT npaKT~eCRH TaK ae, KaK ~EM; O;ri.HaKO OHa HeCKOJI:bKO yJiyq­
maeT onHcrume .f1_1 :a: Re .f10 • 

6. HTaK,Ha OCHOBe Y:UOBJI8TBOpHTeJI:bHOrO OITHCaHHSI B paCCMOTpeH­
H~H MO;ri.eJIK npOU8CCOB SJ18KTpo-,~TOpaz;ri.8HHSI nHOHOB H npouecca~-p-. 
j>n H C yqeTOM H8KOTOpux 6~npKSITHHX MOMeHTOB!;ri.OMHHaHTHOCTH 8EM 
B HHTepnpeTauHH eT:HX npoueccoB,yueH:&meHHSI BKJI~oB ;ri.Hcnepc:a:oHHHX 
ITOllpa.BOR R 8EM C poCTOM~2,BospaCTaHHSI np:a:MepHO Ha ITOpB;rr.OR ce~e­
HRH 08il no cpa.BHeHHD CO CJiyqaeM SJieRTpopoa;ueHIDI,;ri.aJI:&Heftmero yTO~­
HeHHSI MO:U8JIH llpaK~eCKH 6es ;ri.06aBJieHBSI HOBHX B Cpa.BH8HHH C ~TO­
paz;ueHHeM napaueTpoB, -cJie;rr.yeT c;ueJiaT:b BHBO:U o peaJI:&HOCTl! s~a~ 
ITOJiyqeHHSI HS ;ri.aHHHX llO 08il npH SHeprRHX BHme pesOHaHCHOH 06JiaCTH 
H M8JThiX /t/~rrp8!;,~9CKH MO;ri.8JI:bHQ-H93aBHCHMHX 9Ha~em ~IUPaKTOpoB 
J; (it2) :a: F/(!t2 ) npH BpeMeHHno;uo6HHX sHa~eHBSIX It 1• 

HaK60Jiee BHrO;ri.HOit,C STOA TO~ speHHSI,SIBJIS!eTCSI 06JiaCT:b 9Ha­
~eH:HH!1B OKPeCTHOCTH uacc:s.P-MesoHa, r;ue o6ocHOBHBaeTM 8EM c 
MHHHMaJI:bHHMH ITOITpa.BRaMH.8TOT pesyJI:&TaT CBS!SaH C HHSROSHepre~ec­
RHM Hac:smeHHeM ;ri.HCITepCHOHHHX HHTerpaJIOB.BBH;rr.y 06C~aBmeroM B 
nyHRTax 3 H 4 ITpaRT~eCKH MO;ri.8JI:bHo-HeSa.BHCHMOro 06oCHOBaHHSI llOC­
Jie;ri.Hero ®axTa llpK M8JThiX jtf,MOIHO ;rr.yMaT:b,~TO BHBO:U 06 yY8H:&meHHH 
;ri.HCnepcHOHHHX B~OB C poCTOM ./t1, a TaKae OTHOCHT8JI:bHO 06JiaCTH 
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SHaqeHHH Jt,!, r;ue 3TH BKJia,IUl CBO.n;HTCSI R MmmMyMy ,SIBJIS!eTCSI 6oJiee 
06mHM,H8a8JIK MO;ri.8JI:bHHM. 

ABTopH 6Jiaro:rr.aPHH C.M.EHJieH:&ROMY,B.A.MaTBeeBy H B.A.MemepSIRo­
By sa noJiesHHe o6c~eHBR. 
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